Bohm's quantum potential and quantum force in superconductor* 
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The Bohm's quantum potential, introduced in 1952, and the quantum force in superconduc- 
tor, introduced in 2001, aUow to describe non-local force-free momentum transfer observed in the 
Ahronov-Bohm effects. Comparison of the Ahronov-Bohm effects in the two-slit interference ex- 
periment and in superconductor ring reveals fundamental difference between the Schrodinger wave 
function and the wave function describing macroscopic quantum phenomena. The Ginzburg-Landau 
wave function describing the superconductivity phenomenon can not collapse and an additional pos- 
tulate, which was implied first by L.D. Landau, must be used for the description of macroscopic 
quantum phenomena. It is note that quantum principles and postulates should not be universal 
till the quantum formalism is only phenomenological theory but no description of an unique reality. 
A simple Gedankenexperiment is considered which challenges the universality of the Heisenberg 
uncertainty relation and the Bohr's complementarity principle. 



Introduction 

Quantum mechanics, in contrast to other theories of 
physics, has interpretations. Moreover it has many inter- 
pretations. The quantum mechanics, or to be more pre- 
cise quantum formalism, describes, in contrast to other 
physical theories, no unique reality but only phenomena. 
By definition, a phenomenon (from Greek Lpaivuj^euujv, 
pi. ipaL-vLUfieva - phenomena) is any occurrence that is 
observable. In other words a phenomenon is that what 
we can observe. For centuries scientists believed that 
phenomena reveal elements of an objective reality and 
the aim of the theory is a description of this objective re- 
ality. The theory describing the unique objective reality 
can not have interpretations. It can describe the reality 
correctly or not correctly, and there can be no interpre- 
tation whatever. But quantum phenomena turned out so 
paradoxical that no universally recognized interpretation 
of they as manifestation of an unique objective reality 
can be created up to now. The quantum formalism cre- 
ated by Planck, Einstein, Bohr, Heisenberg, de Broglie, 
Schrodinger, Born and others has been enormously suc- 
cessful in describing numerous quantum phenomena. But 
there is no generally accepted answer on the question: 
"What could these quantum phenomena manifest?" 

The absence of such answer provoked discussion be- 
tween Albert Einstein [E 0, i] and Niels Bohr 0, i, Q, 
which is in progress among expersts up to now, in partic- 
ular at the Vaxjo Conferences These discussions and 
the plurality of interpretations point out to our incompre- 
hension of subject of the universally recognized quantum 
description. In this work I would like first of all to expand 
the region of this incomprehension. The quantum formal- 
ism was developed for description of atomic phenomena 
and the controversy about its interpretation concerned 
for the present exclusively this level [U, H, S B 13 ■ The 



macroscopic quantum phenomena, such as superconduc- 
tivity and superfluidity, were not touched upon almost. 
There can be no doubt that superconductivity and su- 
perfluidity are quantum phenomena. But could we be 
sure that the principles of quantum formalism challeng- 
ing to local realism, such as superposition and wave func- 
tion collapse, can be applied to these phenomena? Could 
we be sure that the Ginzburg-Landau wave function de- 
scribing superconducting state has the same nature as 
the Schrodinger wave function? In order to answer on 
these questions I will compare the Bohm's quantum po- 
tential, introduced in 1952 Q, and the quantum force 
in superconductor, introduced in 2001 Q, and will con- 
sider the Ahronov-Bohm effects [l^ in the two-slit in- 
terference experiment and in superconductor ring. The 
non-universality revealed in fundamental difference be- 
tween the Schrodinger and Ginzburg-Landau wave func- 
tions may be general feature of the quantum formalism 
as phenomenological theory. 



1. SCHRODINGER WAVE FUNCTION AND 
GINZBURG-LANDAU WAVE FUNCTION 

The Schrodinger wave function '^sh — |^s?i| expit/j 
was introduced 1926 for description of atomic phenomena 
and the Ginzburg-Landau one ^gl = |^GL|expi(^ was 
introduced 1950 [11 ] for description of superconductivity 
phenomena. The both theories are phenomenological as 
well as the whole quantum formalism. The both wave 
functions have allowed to describe the discrete spectrum, 
the first one of atom and the second one of superconduc- 
tor ring. The phase if of the wave functions has the same 
interpretation in the both theories: 



h\7ip = p = mv + qA 



(1) 



* Invited talk presented at the conference "Foundations of Probabil- 
ity and Physics-5" Vaxjo University, Sweden, August 24-27, 2008. 



is the canonical momentum of a particle with a mass 
m and a charge q in the presence of a magnetic vector 
potential A. But in contrast to the Born's interpreta- 
tion the I^'glP value is no a probability but a density 
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I^IglP = Ug. When the density is constant in the space 
Vris — the superconducting current density 



J 



{hVip - qA) 



(2) 



may be written as the product j — qngV of the density 
Us of particles with a charge q and their velocity v = 
{hVifi — qA)/m. L.D. Landau wrote the relation (2) as 
far back as 1941, in the work [l3| explaining superfluidity 
phenomena. 



1.1. Macroscopic quantum phenomena 

The relation (2) together with the GL wave function al- 
lows to describe the majority of the macroscopic quantum 
phenomena observed in superconductors. Since the com- 
plex wave function '^gl = |^GL|expi(y9 must be single- 
valued at any point in the superconductor, its phase Lp 
must change by integral multiples 27r following a com- 
plete turn along the path / of integration and conse- 
quently 



dl\7(p = (p dlp/h — n2TT 



(3) 



The relation (3) is the quantization of the angular mo- 
mentum postulated by Bohr as far back as 1913. Accord- 
ing to the relations (2), (3) and dlA = $ the integral 
of the current density along any closed path inside super- 
conductor 



/xo f dlXli + (f) = n$o 



(4) 



must be connected with the integral quantum num- 
ber n and the magnetic flux $ inside the closed path 
I. Xl = (m/^o<z'n,)0-5 = Al(0)(1 -r/r,)-i/2 is the 
quanti ty g enerally referred to as the London penetration 
depth [14| : Ai(0) w 50 nm — 5 10^® m for most super- 
conductors [l^l; ^0 = ^nh/q is the quantity called flux 
quantum. According to (4) and the Maxwell equation 
curlH = j the current density decreases strongly inside 
superconductor 



J = Jo exp 



Xi 



(5) 



where the coordinate r run from the surface (at r = ri) 
into the interior r < ri of the superconductor with the 
radius ri. 



Ochsenfeld in 1933 may be considered as a partic- 
ular case n = of the flux quantization $ = n$o = 0. 
The quantum number n must be equal zero when the 
wave function "^gl = |^gl| expzt/? has no singularity in- 
side /, since the radius r of the integration path I = I-kt 
can be decreased down to zero in this case. The Meissner 
effect is first macroscopic quantum phenomenon observed 
experimentally. Much more marvellous one is observed 
in the Abrikosov state discovered experimentally as far 
back as 1935 [13] and described theoretically by A. A. 
Abrikosov in 1957 [l^. The magnetic flux can penetrate 
the interior of type-II superconductor with the Abrikosov 
vortex pJl] which is the singularity of the GL wave func- 
tion corresponding to ri = 1 in (3). Numerous direct 
observations [l^, [lo] give evidence that $ = n'^Q in any 
macroscopic region, where $ and n are the magnetic flux 
and the number of the Abrikosov vortices observed inside 
I. 



1.1.2. The velocity quantization and the persistent current 

The flux quantization 15] and the Meissner effect [l^ 
are observed at strong screening when the wall thickness 
w = ri — r2 ^ Xl, where ri and r2 are the outside 
and inside radius of cylinder or ring. At weak screening 
w ^ Xl the quantization of the persistent current |2l| 

— — sqUgV (4) or the velocity v of superconducting 
pairs 



dlv 



m $0 



(6) 



is observed, v — (h/r'm){n — <i>/<i>o) in a ring with ra- 
dius r and uniform section s. The persistent current is 
a periodical function /p($/$o) of the magnetic flux $ 
inside the ring with period equal the flux quantum $o 
under equilibrium conditions corresponding to minimum 
energy, i.e. the minimum of the v'^ oc {n — $/$o)^. The 
quantum oscillations of the persistent current /p($/$o) 
are observed not only in superconducting state but also 
at non-zero resistance i? > 0, in the fluctuation region 
of superconductor ring f22l] and also in normal metal [2§] 
and semiconductor [2^, i25j] mesoscopic rings. The Little- 
Parks effect [1^ is first experimental evidence of the per- 
sistent current observed at i? > 0. 



1.2. Quantum force 



1.1.1. Magnetic flux quantization and the Meissner effect 

The flux quantization $ = n$o discovered experimen- 
tally in 1961 [IB] is observed since j = inside super- 
conductor ri — r ^ Xl according to (5). The Meissner 
effect i.e. the expulsion of magnetic flux $ from the in- 
terior of a superconductor, discovered by Meissner and 



The numerous observations 



[23IJMJ25I of the 

rylf/fHsfobtained in 



/p($/<i>o) at i? > agree with theory 
the limits of the universally recognized quantum formal- 
ism. But the observations of the direct circular current 
/p ^ at i? > and d$ /dt = display obvious absent of 
the force balance. The conventional direct circular cur- 
rent I can be observed a long time at i? > only at 
a non-zero Faraday's voltage RI — —d^/dt, when the 
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force qE of the electric field E = —dA/dt counterbal- 
ances the dissipation force. This current in a ring with 
an inductance L and a resistance R> must disappear 
during the relaxation time tj^l = L/R at d^/dt — 0. But 
the persistent current does not disappear. Moreover the 
permanent potential difference Vdc{^/^o) oc Jp($/$o) is 
observed on a system of asymmetric rings [29] . It is ob- 
served in (2^ that the persistent current /p($/$o) flows 
against the electric field E — — VVdc(*i'/*i'o) in one of the 
semi-rings because of the absence of the Faraday's circu- 
lar electric field E = -W -dA/dt = -V^ at d<^/dt = 0. 
The potential electric field E = - VVdc(<&/<i>o) is di- 
rected, for example, from left to right at <& = $o/4 in 
the both semi-rings whereas the clockwise, for example, 
persistent current is directed from left to right in the up- 
|)er semi-ring but from right to left in the lower semi-ring 

The challenge to the force balance. Rip 7^ at d^/dt — 
0, in the case of superconductor ring is observed only in a 
narrow critical region jT — < 6Tc ^ Tc near the tran- 
sition into the normal state T k, where thermal fluc- 
tuation or external noise switch ring segments between 
superconducting rij > 0, i?s = and normal ris = 0, 
i?s > states. At lower temperature T < Tc — STc, in 
superconducting state when > all time, Ip ^ but 
i? = whereas at higher temperature T > Tc + 6Tc when 
Us = all time R > but Ip = 0. The circular current 
should vanish 

lit) = Ip exp — (7) 

tlr 

and the potential difference Vs{t) — Rsl{t) should be 
observed during the relaxation time tjil = L/Rs when 
any ring segment 1^ will be switched in the normal state 
Us = with a resistance Rs- The pair velocity v in 
the segment loth = I — h remaining in superconduct- 
ing state decreases in accordance with the Newton's law 
mdv/dt = qE because of the force qE of the potential 
electric field E = Ws{t). The velocity v should return to 
the initial value v oc n— because of the quantization 
(6) after the return of the ring segment Is in the supercon- 
ducting state. This force-free velocity change can explain 
the absence of the force balance revealed at the Rip 7^ 
and Vdci^/^o) observations [29l|. The pair angular mo- 
mentum changes from dip — §^ dl{mv + qA) = (7$ in 
the state with the unclosed wave function when w = to 
dip = n2-Kh (3) in the state with the closed wave func- 
tion. This change equals n2'Kh — q<^ = 2nh{n — $/$o) at 
each closing of the wave function and 

/ _ * 

f dlFq — 2TTh{n ~ —)ujsw (8) 

in a time unity at switching between superconducting 
states with different connectivity of the wave function 
with a frequency tOsw < ^/trl- The momentum change 
in a time unity Fq because of the Bohr quantization (3) 
was called quantum force in 



The quantum force (8) is not equal zero because of 
the strong discreteness of permitted state spectrum of 
superconducting ring Ns{h^ /r'^m) ^ ksT since the pair 
number Ng is very great in real superconductor ring 
The average value n of the quantum number n is close to 
the integer number n corresponding to minimum energy, 
i.e. the minimum of the (n — $/$o)^ value Therefore 
sign and value of the quantum force i^q($/$o), sls well 
as /p(<i>/$o) are periodical function of the magnetic flux 
$ with period equal the flux quantum $o- The circular 
quantum force Fq takes the place of the circular Faraday's 
electric field E — ~dA/dt and reestablishes the force bal- 
ance. The voltage oscillations Vdri^/^n) oc /p($/$o) 
observed in [2^ was predicted [sO] as consequence of a 
reiterate switching of the same ring segment into the nor- 
mal state with a frequency lOsw According to (7) the 
voltage average in time should be equal Vdc ~ Lujswlp at 
a low frequency lOsw ^ ^/trl and Vdc ~ Rsip at a high 
frequency lUsw > I/t^l. 

The quantum force describes only but can not explain 
the force-free momentum transfer 2TTh(n — <i>/<i>o) ob- 
served at closing of superconducting state. The force-free 
momentum transfer [3l| was revealed in the Aharonov- 
Bohm effect considered for the case of the two-slit inter- 
ference experiment as far back as 1959 [l3|. Aharonov 
and Bohm [13] have attracted considerable attention to 
the problem of the quantum effects of the electromag- 
netic fluxes [l^l. Therefore many authors consider such 
effects, including the Little-Parks effect [32] and the per- 
sistent current [13, H^, as the Ahronov-Bohm effect. The 
consideration of the Ahronov-Bohm effect in the two-slit 
interference experiment and in superconducting ring is 
most suitable way in order to understand the fundamen- 
tal difference between the quantum force in superconduc- 
tor ^ and the Bohm quantum potential Q. 



1.3. The Aharonov - Bohm effect 

The Aharonov-Bohm effects result directly from the 
universally recognized interpretation (I) of the wave 
function phase (p. But it is no coincidence that this ef- 
fect was described by Bohm who have introduced 
the quantum potential The Ahronov-Bohm effect 
demonstrates a non-local force-free momentum transfer 
[3l|, which can be described [H, [l^l with help of the 
non-local quantum potential introduced by Bohm. 



1.3.1. Non-local force-free momentum transfer in the 
two-sltt interference experiment 

Y. Aharonov and D. Bohm considered two versions of 
the effect of the electromagnetic potential on the two- 
slit interference pattern: a magnetic and an electric . 
In the magnetic version a magnetic solenoid situated be- 
tween the two slits (Fig. 1) produces within it a magnetic 
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flux The probability 

P{y) = + |*Sh2p + 2 1 ^-5^111*5^2 I cos - ip2) 

(9) 

to finding the particle with a charge q (for example elec- 
tron with (J = e) at a point y of the detector screen should 
depend on the magnetic flux <I> since the phase difference 

ipi — ip2—4>dl\/ip=(f>dl = A(/7o + 27r — (10) 

Ji Ji fi $0 

(see Fig.l) according to (1). The shift in phase 27r<i>/<i>o 
observed in the shift of the interference pattern P{y) 
(9) may be interpreted as momentum transfer since p — 
fV\/ip. This transfer is non-local since the particle never 
enters the region containing magnetic field and it is force- 
free since magnetic flux is constant in time d^/dt ~ 0. 

1.3.2. The GL wave function can not collapse 

The phase difference (10) can have any value since the 
Schrodinger wave function collapses in the interference 
experiment and therefore ^'5^1 and '^sh2 must not be 
single-valued at the same point y, '^shi 7^ ^Sh2 and 
therefore (fi — ip2 7^ n27r. The Ahronov-Bohm effect in 
the two-slit interference experiment and the persistent 
current are observed because of the same relation (1). 
We can describe superconducting state in two halves of 
the ring, Fig.l, with two GL wave functions ^'gli and 
^GL2 as well as in the interference experiment. But we 
should write ^'gli = ^gl2 both for the S and y points 
since the GL wave function can not collapse and there- 
fore it must be single- valued at any point. Just therefore, 
see the quantization (3), (4), (6), the persistent current 



double-slit detector screen 




FIG. 1: The Ahronov-Bohm effects in the two-slit interference 
experiment (on the left) and in superconductor ring (on the 
right) are consequence of the magnetic flux $ influence on 
the phase difference ip\ — ipi = ^, dlVip. In the first case 
the difference ifi\ — 1^2 of the phase changes between S and y 
points along upper (1) way ipi and lower (2) way ip2 should 
not be divisible by 2n (<^i — (^2 7^ n27r) since the Schrodinger 
wave function collapses at particle observation in the two- 
slit interference experiment. In contrast to the interference 
experiment the Ahronov-Bohm effects in superconductor ring 
(for instance the persistent current) are observed since the GL 
wave function can not collapse and therefore ipi — ip2 = n2n. 



and other macroscopic quantum phenomena, i.e. the 
Ahronov-Bohm effects in superconductor ring, are ob- 
served. 

The collapse of the Schrodinger wave function at mea- 
surement was postulated by von Neumann (von Neu- 
mann's projection postulate) [s^. But physics is em- 
pirical science. Therefore it is more important that the 
collapse of wave function can be observed, for example, 
in the two-slit interference experiment. It is observed, for 
example in [s^ , that electron passes through two-slits as 
a de Broglie wave with wavelength XdeB = 2T:h/p (other- 
wise the interference pattern (9) could not be observed) 
which collapses in a point y on the detector screen at 
electron observation. The collapse of the Schrodinger 
wave function is observed in many phenomena. But no 
macroscopic quantum phenomena gives evidence of any 
wave function collapse at observation. Moreover, the col- 
lapse of the wave function representing no a probability 
I^S/iP = P but the real density I^'glI^ = "-s seems im- 
possible in essence. The density of superconducting pairs 
Us can not change because of our look. 



1.3.3. Non-local force-free momentum transfer in 
superconductor ring 

The density [^'glP = "-s can be change because of a 
real physical cause, for example a heating. We can heat, 
for example, a small segment <C Z of the superconduc- 
tor ring shown on Fig.l up to T > Tg. There is funda- 
mental difference between our possibility in atom and in 
superconductor ring 37]. Both the persistent current in 
superconductor ring and the stationary orbits in atom are 
observed because of the Bohr's quantization (3). But in 
contrast to atom we can enough easily switch supercon- 
ductor ring between states with different connectivity of 
the GL wave function. After a heating of only small seg- 
ment <C /, for example near the point 2 on Fig.l, up to 
T > Tc the circular current I{t) = sqnsv{t) and the pair 
velocity v(t) in all points of other segment I — Is, including 
the point 1, should decrease down to zero in accordance 
with the relaxation law (7). In this case the v{t) value 
changes because of the real force qE = qRsI{t)/{l — Is) in 
agreement with the Newton's law. But the reverse change 
of the velocity from v = to v = {h/rm){n — $/<I>o) 
is force-free. This reverse change must be because of 
the quantization (6) after a cooling of the Is segment 
down to T < Tc. This force-free momentum transfer 
mv — (?i/r)(n — <l>/$o) is non-local since an action in the 
point 2 affects on the velocity v and current Ip in the 
distant point 1 without any field. 



2. NON-UNIVERSALITY 

The Bohm's quantum potential and the quantum force 
in superconductor can describe the non-local force-free 
momentum transfer revealed with the Aronov-Bohm ef- 
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fects. But the quantum force in superconductor differs 
in essence from tlie Bolim's quantum potential because 
of the different essence of the GL and Schrodinger wave 
functions ^3^. Both wave functions describe quantum 
phenomena but they can not be universaUy interpreted. 
The consideration of macroscopic quantum phenomena 
together with other one should convince anybody that 
quantum phenomena can not have an universally inter- 
pretation and quantum principles can not be applied uni- 
versally. For example, macroscopic quantum phenomena 
refute the universality of the correspondence principle. 
This principle formulated by Niels Bohr states that the 
predictions of quantum mechanics reduce to those of clas- 
sical physics when a system moves to higher energies. 
How have be able macroscopic quantum phenomena to 
violate this principle? 



2.1. Why can macroscopic quantum phenomena be 
observed? 



The quantum interference of fuUerenes and 
biomolecules with size up to 3 nm was observed 
recently [s^ and Zeilinger considered [i^] a possibility of 
the interference experiment with viruses and nanobacte- 
ria. Could we observe the quantum interference of larger 
systems? 



2.1.1. We have not the ghost of a chance to observe the 
quantum interference of a system larger 10~® m 

In order to observe the two-slit interference pattern 
of particle with size a its period XdeBL/d should be 
larger a. A slit width and a distance between slits d 
can not be smaller the particle size a. Therefore the 
distance L between the double-slit screen and the detec- 
tor screen, Fig.l, should be larger than L — a?/XdeB- 
Particles pass this distance during a time t = L/v at a 
velocity v. Therefore the interference experiment should 
take a time t^xp > o? /XdeBV = a^g/2iTh since the de 
Broglie wavelength XdeB ~ 2'r:h/mv and the particle 
mass m « ga^ . The value g/2TTh « 1.5 10'^^ c/rrV' at 
the typical mass density g k, XQ^ kg/m? of all matter 
including viruses and bacteria. Thus, the interference of 
particle with a < 4 10~^ m = 40 nm can be observed at 
iexp > 1 c and the interference experiment at the parti- 
cle size a = 10~^ m = 1 fim should take t^xp > 1 year, 
a = 10 fim - texp > 3000 years; a = 0.1 mm - t^xp > 3 10* 
years and so on. 



2.1.2. Conditions needed for observation of the Bohr 
quantization 

In order to observe the Bohr's quantization of a par- 
ticle with a mass m in a ring with radius r the energy 



difference between permitted states (6) 



mvl^^ 



mv„ 



n+l ,71 



2mr^ 



(11) 



must exceed the energy of thermal fluctuation 
AE'n.i-i^n > ksT. The discrete spectrum with 
AEn+i^n ~ 5 10~^'' J of single electron m = 9 10~^^ kg 
in a ring with radius r — 10~® m = 1 /im 
can be observed only at very low temperature 
T < A£;„+i,„//cb w 0.0004 K. Therefore first at- 
tempts to observe the persistent current in normal 
metal and semiconductor rings with r w 1 /xm were 
made only twenty years ago [H, [ll]- Recently the 
persistent current was observed in semiconductor rings 
with r « 10 nm at the temperature up to T — 4.2 K 
[2^. But we have not the ghost of a chance to observe 
the discrete spectrum in a ring of even virus with 
a = 100 nm. Since the ring radius r should exceed the 
virus size a the temperature of the experiment should be 

AE„ - / >^2/z,„o„„5 



unachievable low Tg. 



< 



^n-\-l.n 



Ike < h^/kB2ga^ 



3 lO-^'^/a^ K/m^ = 3 10~^'^ K at a ^ IQ- 



2.1.3. Landau 's postulate 

Thus, the estimations show that the correspondence 
principle should be valid. But in spite of these estima- 
tions macroscopic quantum phenomena, superconductiv- 
ity and superfluidity, are observed. Superconductivity 
was discovered in 1911 by Heike Kamerlingh Onnes and 
superfluidity of "^He liquid was discovered after 26 years 
by Pyotr Kapitsa. First successful description was pro- 
posed for superfluidity in 1941 by Lev Landau [l3|- Lan- 
dau accentuated in [13] that the Bose-Einstein conden- 
sation, described in 1925, can not explain the superflu- 
idity phenomena. In order to describe this macroscopic 
quantum phenomena he postulated an spectrum of ex- 
citations with energy gap. There is important to accen- 
tuate that no excitation of individual '^He atoms is in 
this spectrum. Landau postulated virtually that atoms 
in supcrfluid ^He can not have individual velocity and su- 
perfluid condensate moves as one big particle. He wrote 
in [1^ the relation (2) for superconducting current using 
virtually this postulate for electrons in superconductor. 
There is important to note that this Landau's postulate 
should be applied also for superconducting pairs. The 
energy gap of the Bardeen-Cooper-Schrieffer theory [4l| 
concerns the energy spectrum of electrons but not pairs. 

The Landau's postulate about superconducting con- 
densate as a one big particle is implied in the Ginzburg- 
Landau theory [ll|. The wave functions of one free 
electron = l^'s/J exp it/?, where V(p = dip/dl — 

2'iTn/l — n/r, and superconducting condensate \E'gl — 
I^'glI expi(^, where Vip — n/r, in an one-dimensional 
ring with the radius r look identically. Although 
JydV\^Sh\^ = 1 and J^dVl^GL? = N, ^ 1 none of 
the Ns pairs has a quantum number n different from the 
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other Ng — I pairs according to the GL theory. But indi- 
vidual pairs do not vanish totally from superconducting 
phenomena. The GL theory interpretation of the phase 
gradient (1) KS/ip = tm/r = mv + qA as the momentum 
of single pair {q = 2e) but not all Ns pairs {q ~ 2eNs) 
results to the period $0 — 2TTh/2e of the quantum oscil- 
lations /p($/$o), Ri^/^o), Vdci^/^o) in magnetic field 
dlA = 2TTrA = $ observed in all experiments. The 
two particles with mass M = Ngm oi all Ns pairs and 
m of single pair implied in the GL theory allow to ex- 
plain why macroscopic quantum phenomena can be ob- 
served. The difference between the permitted velocity 
values Vn+i — Vn = H/mr depends on the mass m of 
single pair (6) according to (1). Whereas the energy dif- 
ference between permitted states £"„ = Mv'^2/2 depends 
also on the mass M of all pairs since the quantum 
number n of an individual pair can not change according 
to the Landau's postulate. Therefore the discreteness of 
superconductor ring permitted state spectrum 



Mvl 



Mvi 



M 



n+l,n 



N, 



2 2 m 2mr^ 2mr^ 

(12) 

increases with the increase of all three sizes of the ring 
Ai?„+i_„ K, nss2Tir{'h? /2mr'^) oc (s/r). Therefore the 
persistent current is observed in superconductor with 
how any large sizes. 



2.2. Quantum description of phenomena should not 
be universal 



Our comparison of the quantum phenomena described 
by the Schrodinger wave function and GL wave function 
has revealed non-universality of quantum description. 
Some quantum postulates, the correspondence princi- 
ple, the wave function collapse can not be applied to 
the description of macroscopic quantum phenomena and 
the additional Landau postulate is needed for this de- 
scription. The non-universality may be general rule of 
whole quantum description. Numerous interpretations 
prevent to say that the quantum formalism can describe 
an unique reality and after the violation 42] of the Bell's 
inequality we can not be sure that quantum phenomena 
can reflect an unique reality. Anybody who would state 
about a quantum reality should say what is this real- 
ity. Could we be sure that it is a reality of many worlds 
by Everett [i^ and others [H, \^ , non-local reality by 
Devid Bohm or any others? We can not demand the 
universality of quantum principles till we can not be sure 
that quantum formalism describes an unique reality since 
the universality demand presupposes an unique subject 
of description. 

Many experts interpret the quantum formalism as a 
description of our knowledge: Schrodinger, "entangle- 
ment of our knowledge" [46|; Heisenberg, "the proba- 
bility function describes ... rather our knowledge about 
a quantum process" [i^l; Rudolph Peierls, "the most 
fundamental statement of quantum mechanics is that 



the wavefunction represent our knowledge of the sys- 
tem" [4^; Caslav Brukner and Anton Zeilinger "quan- 
tum physics is an elementary theory of information" [i^ ; 
Christopher Fuchs, "the structure of quantum theory has 
always concerned information" ,50.] . But this information 
interpretation also can not be universal since it can not be 
applied to the macroscopic quantum phenomena. There- 
fore we must admit the positivism point of view that the 
quantum theory describes only phenomena. In fact Bohr 
upheld just this point of view. But he did not follow to 
the corollaries of this positivism position. If anybody has 
admitted that quantum mechanics can describe only phe- 
nomena he should not demand universality of quantum 
principles. But Bohr upheld in his debate with Einstein 
[3, IBl E^nd besides this the universality of such princi- 
ples as complementarity, uncertainty relation and others. 



2.2.1. One more challenge to the universality of the 
Heisenberg uncertainty relation 

The Bell's experiments 42j have revealed violation one 
of the EPR assumptions [l| , on the existence of the ele- 
ments of the physical reality or locality. But it is not cor- 
rect to conclude that these experiments have proved the 
universality of the uncertainty principle. Andrei Khren- 
nikov states in |51| that "(at least in theoretical mod- 
els) ... the Heisenberg uncertainty principle can be vio- 
lated" . This statement can be corroborate by a very sim- 
ple Gedankenexperiment which can be made real. The 
resent experiment 52| has corroborated the Heisenberg 
uncertainty relation for the coordinate x and the veloc- 
ity Vx of fuUerene molecules across their motion along z. 
But this result can not mean that this relation will be 
valid also for the coordinate z and the velocity Vz along 
the motion direction. Moreover it seems obvious that the 
coordinate z and the velocity Vz can be measured simulta- 
neously with any exactness. In order to find the velocity 
Vz = (z2 — zi)/{t2~ti) we should measure two time mo- 
ments ti, t2 and two coordinates Z2, zi. The velocity Vz 
can not change between these measurements at the free 
flying because of the law of momentum pz ~ mvz conser- 
vation. Therefore the differences Z2 — Z1 and t2—ti can be 
made how any large and much larger any measurement 
inaccuracy of the time moments At = Ati + At2 and the 
coordinates Az = Azi + Az2. We can take ti = 0, t2 = t 
and xi = 0, X2 = x. The velocity value Vz = z/t can be 
measured with the uncertainty Avz ~ Vz{Az/z + At/t) 
at a; » Ax, t :s> At and the product of the velocity Avz 
and coordinate Az uncertainties 



A A A Ai, 

AzAvz « Azw^( \ ) 

z t 



(13) 



can be made how any small since the z and t values can 
be made how any large. 

Thus, the Heisenberg uncertainty relation AzAv^ > 
h/2m should be violated if we use the method of the ve- 
locity measurement learned in the primary school. This 
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method may be used in an actual experiment and in or- 
der to verify the uncertainty relation no enormous dis- 
tance is needed. The value h/2m ~ 0.3 10^^° m^/c 
for the fuUerene molecules m w 1.4 10^^^ kg used in 
[5^ . The product Azv^ < 10^"' rn^/c at the velocity 
Vz = 100 m/c and the measurement inaccuracy of coor- 
dinates Az < 10~^ m in the actual experiment (s^ . The 
uncertainty relation should violated according to (13) at 
Az/z < 0.3 10"^ and At/t < 0.3 10-^ i.e. at the val- 
ues accessible for an actual experiment z > 3 m (in [s^ 
z> 2 m) and At = 0.3 lO'H = 0.3 IQ-^z/v^ < 10"^ c 
at z = 3 m. 



2.2.2. Could the Bohr's complementarity be considered as 
an universal principle? 

Bohr postulated the complementarity when he has de- 
spaired of quantum world realism. This Bohr's principle 
has formulated the renunciation of the reality descrip- 
tion as the goal of quantum theory. Therefore it can 
not be universal in principle. Nevertheless most physi- 
cists following Bohr believe in its universality. Only some 
experts discuss the essence of complementarity [sl, [sJl 
and some authors [5^1 challenge this principle. Arkady 
Plotnitsky [53| considering "perhaps Bohr's most refined 
formulation of what he means by the complementary sit- 
uations of measurement" given in Q formulates Bohr's 
complementarity principle as follows: "in considering 
complementary conjugate variables in question in quan- 
tum mechanics (in contrast to those of classical physics) 
we deal with two mutually exclusive experimental ar- 
rangements, each providing complete (actual) informa- 
tion about the two states of the two quantum objects 
involved in such measurements" . The position z and mo- 
mentum pz — mvz are referred as example of "comple- 
mentary conjugate variables" in the "Bohr's most refined 
formulation" l5J|. But the actual experimental arrange- 
ments of the school method considered above are not 
merely mutually non-exclusive for measurement of posi- 
tion and momentum. They are the same. We should 
conclude that either the method of the momentum mea- 
surement Pz = mVz = mz jt learned in the primary school 
is not correct (but why?!) or the Bohr's complementarity 
principle is not universal. 

2.2.3. Logic of universality as consequence of naive realism 
point of view 

Einstein upheld the principle of realism and he stated 
that the quantum theory had relinquished precisely what 
has always been the goal of science: "the complete de- 



scription of any (individual) real situation (as it suppos- 
edly exists irrespective of any act of observation or sub- 
stantiation)" In contrast to this Bohr stated that 
all hope of attaining a unified picture of objective reality 
must be abandoned. According to his point of view quan- 
tum theory would provide predictions concerning the re- 
sults of measurements but, unlike all previous theories, it 
was incapable of providing a full account of " how nature 
did it." Bohr argued that the very desire to seek such 
a complete account was misguided and naive: "There is 
no quantum world. There is only an abstract quantum 
physical description. It is wrong to think that the task of 
physics is to find out how Nature is" (the citation from 

H). 

Most physicists agree rather with Bohr than Einstein 
since we have no "hope of attaining a unified picture 
of objective reality" of quantum world up to now. But 
most physicists remain in fact naive partisan of the re- 
alism point of view since it is difficult to renounce re- 
ally the centuries-old realistic point of view with all that 
it implies. If anybody has admitted that "there is no 
quantum world" he should not think that quantum de- 
scription must be universal. But most physicists are sure 
that quantum principles must be universal. For example, 
most authors are sure that any quantum system with two 
permitted states [s^ , including superconductor ring [STj , 
can be used as quantum bit (qubit), principal element of 
quantum computer. Qubit, in contrast to classical bit, 
should operate in state superposition. But how could 
superconductor ring be in state superposition if the GL 
wave function can not collapse? Superposition of states 
is inconceivable without the collapse since we can not 
observe anything in two place at the same time. There- 
fore Anthony Leggett assuming superposition of super- 
conductor ring states should be to fabricate a new wave 
function , which can collapse, in additional to the GL 
wave function, which can not collapse. The new wave 
function was fabricated for superconductor ring but not 
for the Schrodinger cat, for example, because of the logic 
of universality. But this logic should not be applied to 
quantum formalism which is phenomenological theory. 
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